Two experiments were conducted to determine the effects of salinomycin and lasalocid on metabolism and growth of growing steers. In Exp. 1, 80 Angus steers (228 kg) were assigned to the following treatments: 1) control, 2) 50 mg salinomycin.hd-1.d-1, 3) 100 mg salinomycin-hd-1.d-1 and 4) 250 mg lasalocid.hd-1.d-1. Steers were fed corn silage once daily with allotments based on the amount of silage that each pen of five steers would consume in a 24-h period. In addition, .81 kg/hd of a corn-soybean meal supplement was fed daily during the 112-<t study. Daily gains were similar across trealments, but feed intake was lower (P < .05) for steers fed ionophores. Molar proportions of ruminal acetate were lower (P < .05) in steers fed ionophores at 28 and 90 d. Ruminal propionate was lower (P < .05) in control steers at 28 d, but values were similar across treatments on d 90. Plasma copper (Cu) was lower (P < .05) in control steers on both sampling days. In Exp. 2, 16 Hereford steers were allotted to two blocks of eight animals each and assigned to one of three treatments: 1) control (n = 6), 2) 11 mg salinomycin/kg diet (n = 6) and 3) 33 mg iasalocid/kg diet (n = 4). Following a 28-d adjustment period, apparent absorption and retention of macrominerals and nitrogen (N) were determined during a 5-d collection period. Apparent absorption and retention of N did not differ among treatments when data were analyzed using N intake as a covariate. Calcium absorption and retention were lower (P < .05) for steers fed salinomycin than for control or lasalocid-fed steers. Urinary potassium (K) excretion was higher (P < .05) and K retention was lower (P < .01) for control steers. These results suggest that feeding salinomycin may decrease ruminant requirements for K and Cu but increase requirements for Ca.
Carboxylic ionophores such as monensin, lasalocid and salinomycin interact with certain cations and alter their transport across biological membranes (Pressman, 1976) . Feeding these ionophores to ruminants commonly results in an improvement in feed efficiency and a shift in ruminal fermentation patterns toward increased propionate and decreased molar proportions of acetate (Fuller and Johnson, 1981; Merchen and Berger, 1985) . In addition, ionophores have been found to alter mineral metabolism. Starnes et al. (1984) 2735 observed an increase in apparent absorption of magnesium, phosphorus and sodium by steers fed monensin or lasalocid compared to controis. Monensin increased apparent absorption of phosphorus and potassium in lambs (Kirk et al., 1985a,b) . Comparatively fewer data are available evaluating the effects of salinomycin on nutrient metabolism. Zinn (1986a) reported higher apparent absorption of zinc in steers receiving salinomycin. Salinomycin also increased apparent N digestibility in sheep (Merchen and Berger, 1985) and steers .
Studies evaluating the effects of salinomycin on cattle performance have been conducted primarily with high-concentrate finishing diets (Merchen and Berger, 1985; Zinn, 1986a,b) .
The following experiments were conducted to evaluate the effects of salinomycin and lasalocid on 1) growth and plasma and ruminal characteristics of growing steers fed corn silage-based diets and 2) mineral and nitrogen metabolism by steers fed high-energy diets.
Materials and Methods

Experiment 1. Eighty medium-frame Angus
steers averaging from 228 + 2 kg were assigned to four weight blocks. Within blocks, cattle were assigned to pens of five steers. Four dietary treatments were assigned randomly within the four blocks of four pens each. Treatments consisted of 1) control, 2) 50 mg salinomycin.hd-1.d-1, 3) 100 mg salinomycin.hd-l,d -1 and 4) 250 mg lasalocid.hd-l-d-1. Ionophore doses were selected based on results of previous cattle and lamb studies with lasalocid (Berger et al., 1981; Spears and Harvey, 1984) and salinomycin (Merchen and Berger, 1985; Zinn, 1986a) .
Steers were purchased from North Carolina feeder calf sales. Upon arrival at the feedlot, steers were dewormed, treated for grubs and lice and vaccinated for IBR, PI 3, Leptospirosis and Clostridium perfringens (types C and D). Steers were adjusted to a corn silage-based diet for 30 d prior to initiation of the study.
The experiment was initiated on October 20 and terminated on February 10. During the 112-d study, steers were fed corn silage once 6Model 5000, Perkin-Elmer Corp., Norwalk, CT. 7Model 2440, Varian Instrument Division, Palo Alto, CA.
daily with allotments based on the amount of silage that each pen of steers would consume in a 24-h period. In addition, .81 kg.hd-l-d-1 of a supplement (32.7% CP) that consisted of 37.4% ground corn, 59.9% soybean meal, 2,5% dicalcium phosphate and .22% vitamin A, D and E premix was fed. A sample of corn silage was collected at feeding every other day and stored in an air-tight container at 5"C. Silage samples were composited over a 14-d period for determination of DM and N. Dry matter was determined at 55~ in a forced-air oven. The corn silage contained 28.9% DM and 7.8% CP (DM basis). The diets were formulated to meet the energy and protein requirements of growing steers gaining .91 kg/d (NRC, 1984) . The total diets analyzed .33% Ca, which was approximately 75% of the requirement. Salinomycin and lasalocid were delivered via the respective supplements, which were top-dressed and mixed with the silage at feeding. White salt blocks were available free choice. Salt blocks in each pen were weighed initially and at 56-d intervals to determine salt intake.
Non-shrunk weights were obtained on two consecutive days at the initiation and termination of the study. Interim weights were taken every 28 d. Blood samples were obtained via jugular puncture and ruminal samples were collected via stomach tube from three steers per replicate on d 28 and 90. Samples were collected 3 to 4 h after feeding the supplements. The same three steers per replicate were sampled on both days. Blood was collected into heparinized vacutainer tubes; plasma obtained after centrifugation was used for urea-N (Sigma Chemical Co., 1974) and mineral analyses. Calcium (Ca), potassium (K), sodium (Na), magnesium (Mg), zinc (Zn) and copper (Cu) were determined by atomic absorption spectrophotometry 6. Plasma phosphorus (P) was determined by the method of Fiske and Subbarow (1925) . Ruminal fluid samples were analyzed for VFA by GLC 7 (Anonymous, 1975) and ammonia N by the phenol-hypochlorite method (Chaney and Marbach, 1962) .
Data were analyzed statistically as a randomized complete block design with differences among treatments determined by single degree of freedom non-orthogonal contrasts (SAS, 1982) . Comparisons made were 1) control vs salinomycin treatments, 2) 50 vs 100 mg salinomycin and 3) lasalocid vs salinomycin treatments. Ruminal and serum characteristics were analyzed statistically across the two sampling days. When the treatment x sampling day interaction was significant, the collection days also were analyzed individually. Pen means were used as the experimental unit in all comparisons.
Experiment 2. Sixteen medium-frame Hereford steers averaging 269 kg were used to determine the effects of salinomycin and lasalocid on macromineral and N metabolism. Treatments consisted of 1) control, 2) 11 mg salinomycin/kg diet and 3) 33 nag lasalocid/kg diet. Ionophores were added to the diet on an as-fed basis. Composition of the basal diet is shown in Table 1 . The diet contained 11.0% CP. During a 21-d adjustment period, steers were fed individually and adjusted to ad libitum intake. Following the 21-d period, steers were placed in metabolism crates for a 7-d acclimation to the crates followed by a 5-d total collection of urine and feces. Steers were offered 85% of their ad libitum intake during the last 7 d of the adjustment period when housed in metabolism crates.
Steers were started on the study in blocks of eight animals. The second block of steers started on the study 2 wk after the first block. Within each block, three steers were assigned randomly to the control and salinomycin treatments and two steers were assigned to the lasalocid treatment.
Feed, feed refusal, fecal and urine samples were prepared for mineral analyses by wetashing with nitric acid followed by hydrogen peroxide. Calcium, P, Mg, Na and K were determined as described for Exp. 1. Nitrogen was measured by the Kjeldahl procedure (AOAC, 1980) using a N analyzer 8.
Data were analyzed statistically as a randomized complete block design using least squares ANOVA (SAS, 1982) . Nutrient intake was used as a covariate in analyzing excretion and retention data. Differences among means were determined using single degree of freedom orthogonal contrasts. Comparisons made were 1) control vs salinomycin and 2) salinomycin vs lasalocid.
8Kjeltec Auto 1030 Analyzer, Tecator, Hoganas, Sweden. Table 2 . Average daily gains for the 112-d study were similar across treatments. Steers fed salinomycin consumed less (P < .05) feed than control steers. Feed intake was lower (P < .05) for steers given 100 mg salinomycin than for those fed 50 mg salinomycin/head daily. The lower feed intake by steers fed ionophores resulted from reduced silage intake because supplement intake was constant (.81 kg/head daily) across treatments. The amount of feed required per unit of gain was similar for control steers and those fed 50 mg salinomycin. Feed/gain was 9.5 and 10.4% lower for the 100 mg salinomycin and lasalocid treatments, respectively, than for the control; however, differences in feed/gain were nonsignificant (P > .10). In previous studies (McClure et al., 1980; Merchen and Berger, 1985; Zinn, 1986a, b) with cattle fed concentrate-based diets, salinomycin consistently improved feed efficiency, but responses in gain and feed intake were variable. Free choice salt consumption was lower (P < .01) for steers receiving either ionophore. Both ionophores evaluated in the present study have an affinity for Na as well as for K; thus, mineral transport may be affected by ionophore feeding (Painter and Pressman, 1982) . However, the mechanism whereby ionophore feeding reduced salt appetite by steers is unclear. Part of the decreased salt intake could be attributed to the lower feed intake observed in ionophore-fed steers.
Ruminal VFA results are presented in Table  3 . Values shown are means for samples collected at 28 and 90 d unless a significant treatment x sampling day interaction was detected. Total VFA concentrations were lower .04 .07
.27 1.00 aControl vs salinomycin (P < .05). b50 mg vs 100 mg salinomycin/head daily (P < .05).
CControl vs salinomycin (P < .01). d50 mg vs 100 mg salinomycin/head daily (P < .I0).
(P < .05) for steers receiving salinomycin than for controls. Molar proportions of acetate were lower (P < .01) in steers fed salinomycin than in controls. No differences in molar proportions of acetate or total VFA concentrations were noted between steers fed salinomycin and those fed lasalocid. Ruminal propionate was lower (P < .05) for control steers at 28 d; however, the molar proportion of propionate was similar across treatments at 90 d. This resulted in a treatment x sampling day interaction (P < .01). The molar proportion of propionate was slightly higher (P < .10) in steers fed lasalocid than in those given salinomycin at 28 d. Most studies indicate an increased molar proportion of propionate and decreased molar proportion of acetate in ruminants fed salinomycin (McClure et al., 1980; Merchen and Berger, 1985) and lasalocid (Guitierrez et al., 1982; Patterson et al., 1983) . However, other researchers have observed little effect of these ionophores on acetate or propionate molar proportions (Thonhey et al., 1981; Zinn, 1986a) . Molar proportion of butyrate also was affected (P < .05) by a treatment x sampling day interaction (Table 3) . Increasing the level of salinomycin from 50 to 100 mg]d resulted in a reduced (P < .05) molar proportion of butyrate at 28 d. During this same sampling period, butyrate was lower (P < .05) in steers receiving lasalocid than in those fed salinomycin. In contrast to results noted on d 28, control animals had a lower (P < .05) molar proportion of butyrate than did steers fed either ionophore at 90 d. It is difficult to explain why VFA results observed on d 90 frequently differed from those at 28 d. One possibility is that long-term adaptations occur in regard to ruminal fermentation in cattle fed salinomycin and lasalocid (Spears and Harvey, 1984) . Some of the differences noted in VFA molar proportions among the two sampling periods also could relate to differences over time in feed consumption among treatments.
Plasma urea N was lower (P < .01) in control steers than in steers fed salinomycin (Table 3) . Animals receiving salinomycin and lasalocid had similar plasma urea N concentrations. Ruminal ammonia N concentrations were not affected by treatment.
Plasma mineral concentrations are presented in Table 4 . No treatment x sampling day interactions were noted for plasma minerals. Calcium and Mg concentrations in plasma were not affected by treatment. Potassium concentrations in plasma were higher (P < .01) in steers fed lasalocid than in those fed salinomycin. Plasma P was higher (P < .05) in salinomycin-supplemented steers than in those receiving lasalocid. Steers fed 50 mg salinomycin had lower (P < .05) plasma P than steers fed 100 mg salinomycin. Plasma Na did not differ among control and salinomycin-fed steers despite the higher free choice intake of salt by control steers. Sodium concentrations in serum are tightly regulated and generally are maintained within a narrow range (Morris, 1980) . Plasma Cu was increased (P < .01), whereas plasma Zn concentrations were decreased (P < .01), in steers fed salinomycin compared to controls (Table 4) . Zinc concentrations in plasma were in the normal range (Underwood, bControl vs salmomycin (P < .05).
CControl vs salinomycin (P < .01). dTreatment x sampling day interaction (P < .01).
e50 mg vs 100 mg salinomycin]head daily (P < .05). fLasalocid vs salinomycin (P <. 10).
STreatment x sampling day interaction (P < .05). hLasalocid vs salinomycin (P < .05).
1977) for all treatments, and differences among treatments may be related to feed intake differences. The plasma Cu data suggest that the Cu status of control steers was marginal; plasma Cu decreased from 60 ~tg/dl at 28 d to 50 Isg/dl at 90 d in controls. Normal plasma Cu concentrations in ruminants range from 80 to 100 I.tg/dl (Underwood, 1977 aValues are means for samples collected at 28 and 90 d. N = 12 for each sampling day. bLasalocid vs salinomycin (P < .01). CLasalocid vs salinomycin (P < .05).
ds0 mg vs 100 mg salinomycin/head daily (P < .05). eLasaiocid vs salinomycin (P <. 10).
fControi vs salinomycin (P < .01). g50 vs 100 mg salinomycin/head daily (P < .10). aValues shown are least squares means with nutrient intake used as a covariate. N = 6 for control and salinomycin treatments and n = 4 for lasalocid treatment.
bSalinomycin v~ lasalocid (P < .10).
suggest that both lasalocid and salinomycin may enhance the Cu status of ruminants. Starnes et al. (1984) observed slightly higher serum Cu levels in steers fed either lasalocid or monensin than in controls. Van Ryssen and Barrowman (1987) reported that feeding monensin, but not lasalocid, increased liver Cu in sheep fed high dietary Cu (36 ppm). Ionophores may increase Cu bioavailability by reducing ruminal protozoa numbers or by decreasing ruminal production of sulfide from sulfur amino acids. Lower protozoa numbers have been observed in ruminants fed salinomycin (Olumeyan et al., 1986) and lasalocid (Dennis et al., 1986) . Recently, Ivan et al. (1986) reported much higher liver and plasma Cu concentrations in fauna-free compared to faunated lambs. Ionophores decrease ruminal degradation of dietary protein (Bergen and Bates, 1984) , and this could result in lower ruminal sulfide concentrations. Evidence suggests that sulfide reduces Cu absorption in ruminants (Suttle, 1974) .
Experiment 2. The amount of feed offered to steers during the metabolism phase was similar (8.5 kg/d) for all treatments. However, feed refusals were higher for steers fed salinomycin, resulting in lower (P < .10) feed intake for these animals compared to steers fed lasalocid during the collection period (Table   5 ).
Daily intakes of salinomycin and lasalocid during the collection period averaged 76 and 286 mg/hd, respectively. During the collection period, feed intake was 17.6 and 20.8% lower for salinomycin-fed steers than for control and lasalocid-fed steers, respectively. These results aValues shown are least squares means with mineral intake used as a covariate. N = 6 for control and salinomycin treatments and n = 4 for lasalocid treatment.
bControl vs salinomycin (P < .10). csalinomycin vs lasalocid (P < .05). dSalinomycin vs lasalocid (P <. 10). eControl vs salinomycin (P < .05).
are difficult to explain. Environmental temperature increased around the time steers were placed in metabolism crates; possibly, high temperatures (30 to 35~ had a greater influence on steers fed salinomycin. Dry matter digestibility did not differ (P > .10) among treatments.
Nitrogen metabolism data are presented in Table 5 . Nitrogen intake was lower (P < .10) for steers fed salinomycin than for those receiving lasalocid due to their reduced feed intake during the collection period. When adjusted by covariance for N intake, N excretion and retention did not differ (P > .10) among treatments. Increased N absorption previously has been reported for ruminants receiving salinomycin Merchen and Berger, 1985) and lasalocid (Paterson et al., 1983; Ricke et al., 1984) .
Mineral metabolism data are presented in Table 6 . Calcium and Mg intakes were lower (P <. 10) for steers fed salinomycin because of the lower feed intake observed for this group. Fecal Ca adjusted for intake by covariance was higher (P < .05) for steers receiving salinomycin. This resulted in a large decrease (P < .05) in apparent absorption and retention of Ca in salinomycin-fed steers compared to steers fed the control or lasalocid treatment. Apparent absorption of Ca was 60% lower in steers fed salinomycin than in steers fed the control or lasalocid diets. Zinn (1986a) also noted a tendency for lower apparent absorption of Ca in steers fed 11 or 16.5 ppm salinomycin. Monensin and lysocellin increased Ca absorption and retention in steers fed greenchop (Spears et ai., 1989) . The effect of salinomycin on Ca absorption probably is indirect, because salinomycin has little affinity for Ca or other divalent cations (Mitani et al., 1975) . Urinary excretion of Ca was similar across treatments.
Apparent absorption and retention of P adjusted for intake by covariance were not affected by treatment (Table 6 ). Fecal Na excretion was slightly higher (P < .10) and Na retention was lower (P < .10) for steers fed lasaiocid than for those fed salinomycin. Steers in all treatment groups were in negative Na balance. This can be explained by the high water intakes and urine outputs noted during the study due to the high environmental temperatures encountered. Apparent absorption of Mg was similar for all treatments, but urinary Mg excretion was slightly higher (P < .10) for steers fed salinomycin than for animals receiving lasalocid. Magnesium retention was lower (P < .05) for steers fed salinomycin than for steers receiving lasalocid.
Apparent absorption of K adjusted for intake by covariance was higher (P < .05) in steers fed lasalocid than in steers receiving salinomycin (Table 6 ). Potassium absorption did not differ among control steers and those fed salinomycin, but urinary K excretion was higher (P < .05) for controls. Urinary K was similar for the two ionophore treatments. Potassium retention was higher (P < .05) for steers fed salinomycin than for control steers. Steers fed lasalocid retained more (P < .05) K than those fed salinomycin.
In summary, salinomycin at 50 or 100 mg/d and lasalocid at 250 mg/d did not affect rate of gain, but they reduced feed intake and tended to improve feed conversion in growing steers fed a corn silage-based diet. Both salinomycin and lasalocid increased plasma Cu in steers fed marginal dietary Cu. Feeding salinomycin greatly decreased apparent absorption and retention of Ca in steers fed a concentratebased diet. Results suggest that feeding salinomycin may decrease requirements for K and Cu but increase requirements for Ca in growing steers. The altered Ca metabolism in steers fed salinomycin appeared to~ be due to decreased absorption from the gastrointestinal tract; salinomycin feeding may have affected K metabolism in tissues other than the gut.
